Let R be a commutative Noetherian ring (with identity) and let M be an R-module. In this paper we will state and prove some dual versions of Krull's intersection Theorem.
Introduction
Throughout this paper R will denote a commutative ring with an identity.
Let R be a Noetherian ring and let I be an ideal of R. A well known version of Krull's intersection Theorem states that if M is a finitely generated R-module and if
n M, then L = IL. Another version of this Theorem says that if R is a domain and I is a proper ideal of R, ∩ ∞ i=1 I n = 0. In this paper we state and prove the dual versions of the above mentioned results (see 3.1, 3.2, 3.5, and 3.6).
Auxiliary results
Definition 2.1.
(a) An R-module M is said to be finitely cogenerated (see [1] 
(b) An non-zero R-module M is said to be secondary (see [4] ) if for each α ∈ R, the homothety α : M → M is either surjective or nilpotent.
(c) A secondary representation of an R-module M is an expression of M as a finite sum of secondary submodules of M (see [4] ).
(d) Let M be an R-module. The dual notion of Z(M), the set of zero divisors of M, is denoted by W (M) and defined by
M is said to be codomain (see [2] ) if W (M) = 0. 
Main results
Throughout this section R will denote a Noetherian ring. 1, 2, . .., n. Suppose that for some j with 1 ≤ j ≤ n, we have S j ⊆ L. Now we have
Hence IS j ⊆ L. Since S j is secondary, by Lemma 2.4, IS j = S j or there exists a positive integer t such that
This completes the proof.
Corollary 3.2.
Let M be an Artinian R-module and let I be an ideal of R such that I ⊆ Jac(R). Then 
Corollary 3.4. Let M be an Artinian R-module and let R be a local ring with unique maximal ideal I. Then we have the following.
Proof. (a) This is an immediate consequence of 3.2 by using the fact that
This in turn implies that
Hence for each i, we have N ∩ (K :
Theorem 3.5. (Second dual version of Krull's intersection Theorem.) Let M be a finitely generated Artinian R-module which is a codomain and let I be a proper ideal of R. Then 
